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(57) ABSTRACT

The present invention relates to a downhole tubular assembly
for sealing an opening in a well tubular structure in a borehole
downhole, comprising a first tubular part made of metal hav-
ing an inner face, an inner diameter, an outer diameter and a
first length in an unexpanded state, and a second tubular part
having an outer face, an outer diameter and a second length,
being arranged inside the first tubular part in an unexpanded
state. Furthermore, the invention relates to a downhole system
for sealing an opening in a well tubular structure in a bore-
hole. Moreover, the invention relates to a method of sealing an
opening in a well tubular structure in a borehole downhole
and to a manufacturing method for manufacturing a down-
hole tubular assembly.
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TUBULAR ASSEMBLY

This application is the U.S. national phase of International
Application No. PCT/EP2011/052565 filed 22 Feb. 2011
which designated the U.S. and claims priority to EP
10154277.7 filed 22 Feb. 2010, the entire contents of each of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a downhole tubular assem-
bly for sealing an opening in a well tubular structure in a
borehole downhole, comprising a first tubular part made of
metal having an inner face, an inner diameter, an outer diam-
eter and a first length in an unexpanded state, and a second
tubular part having an outer face, an outer diameter and a
second length, being arranged inside the first tubular partin an
unexpanded state. Furthermore, the invention relates to a
downhole system for sealing an opening in a well tubular
structure in a borehole. Moreover, the invention relates to a
method of sealing an opening in a well tubular structure in a
borehole downhole and to a manufacturing method for manu-
facturing a downhole tubular assembly.

BACKGROUND ART

In wellbores, patches or straddles are used for different
purposes, such as for sealing a leak in a casing or a similar
tubular structure, or for shutting off unwanted water/gas pro-
duction from perforations. Patches are placed opposite the
leak and expanded to abut the inside wall of the casing and
thereby seal the leak. These patches often have to be run into
the wellbore tubular and pass through restricted diameters
within the wellbore. These restricted diameters are often
referred to as “nipples”.

The patches are often expanded by means of a cone. When
using a cone with a fixed diameter, the diameter of the cone is
governed by the nipple restrictions which the patch must pass
through prior to expansion and by the inner diameter of the
patch once it has been expanded. The inner diameter of the
patch after expansion is approximately the size of the well-
bore tubular inner diameter minus twice the wall thickness of
the patch. There are some tolerances which must be taken into
account during expansion and contraction due to the elastic
relaxation of the patch after expansion.

In addition, there are many cases where a patch is required
later on in the lifespan of the well (possibly years) below a
patch which has been previously set

a so-called patch through patch solution. In these cases, the

inner diameter of the patch previously set may well be
smaller than the nipple restrictions within the well.

In addition, well bores may be completed by means of a
well tubular shallower within the well with a smaller inner
diameter than the wellbore tubular in which the patch needs to
be set.

In existing cases, in order to pass an earlier patch or restric-
tion with a cone, the cone may be made expandable, which
makes demands on the tool and increases the complexity of
the tool and thus the cost as well as the risk of tool failure.

SUMMARY OF THE INVENTION

It is an object of the present invention to wholly or partly
overcome the above disadvantages and drawbacks ofthe prior
art. More specifically, it is an object to provide a tubular
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assembly which is easy to insert through an already existing
patch or the like feature narrowing the passage of a tool in the
casing of a tubular structure.

The above objects together with numerous other objects,
advantages and features, which will become evident from the
below description, are accomplished by a solution in accor-
dance with the present invention by a downhole tubular
assembly for sealing an opening in a well tubular structure in
a borehole downhole, comprising:

a first tubular part made of metal having an inner face, an
inner diameter, an outer diameter and a first length in an
unexpanded state, and

a second tubular part having an outer face, an outer diam-
eter and a second length, being arranged inside the first
tubular part in an unexpanded state,

wherein the inner face of the first tubular part may be
fastened to the outer face of the second tubular part
before expansion and released after expansion, and

wherein the first tubular part may be made of a material
having a higher modulus of elasticity or Young’s modu-
lus than that of the second tubular part.

Inone embodiment, a downhole tubular assembly may also

be a downhole tubular sealing assembly.

Further, the second tubular part may be released from the
first tubular part after expansion so that the outer diameter of
the second tubular is less than that of the first tubular part after
expansion.

In another embodiment, the largest outer diameter of the
second tubular part may be substantially equal to the inner
diameter of the first tubular part.

In addition, the largest diameter of the second tubular part
may be substantially less than the outer diameter of the first
tubular part.

Moreover, the second length may be substantially equal to
or less than the first length.

The invention may further comprise a downhole tubular
assembly for sealing an opening in a well tubular structure in
a borehole downhole, comprising:

a first tubular part made of metal having an inner face, an
inner diameter, an outer diameter and a first length in an
unexpanded state, and

a second tubular part having an outer face, an outer diam-
eter and a second length, being arranged inside the first
tubular part in an unexpanded state,

wherein the inner face of the first tubular part is fastened to
the outer face of the second tubular part before expan-
sion and released after expansion and

wherein the second length may be substantially equal to or
less than the first length.

Also, the first tubular part may be made of a material
having a first spring back ability after being expanded, and the
second tubular part may be made of a material having a
second spring back ability after being expanded, wherein the
first spring back ability may be less than second spring back
ability.

Further, the invention relates to a downhole tubular assem-
bly for sealing an opening in a well tubular structure in a
borehole downhole, comprising:

a first tubular part made of metal having an inner face, an
inner diameter, an outer diameter and a first length in an
unexpanded state, and

a second tubular part having an outer face, an outer diam-
eter and a second length, being arranged inside the first
tubular part in an unexpanded state, the inner face of the
first tubular part being fastened to the outer face of the
second tubular part before expansion and released after
expansion,
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wherein the first tubular part may be made of a material
having a first spring back ability after being expanded,
and the second tubular part may be made of a material
having a second spring back ability after being
expanded, wherein the first spring back ability may be
less than the second spring back ability.

Moreover, the well tubular structure may have a substan-
tially unchanged inner diameter after expansion.

In addition, the first tubular part may be fastened to the
second tubular part along the entire length of the first tubular
part or the second tubular part.

Further, the second tubular part may have a thickness
which is at least 10%, preferably at least 20% and more
preferably at least 50% of a thickness of the first tubular part,
or vice versa.

Also, the second tubular part may have a thickness which is
up to 10 times greater than a thickness of the first tubular part,
or vice versa.

In one embodiment, the second tubular may be made of
metal, such as aluminium, stainless steel, titanium, metal
containing more than 40% nickel, shape memory alloy, spring
steel, steel or iron, or any combination thereof.

Additionally, the first tubular part and the second tubular
part may be fastened together in the unexpanded state, and the
first tubular part and the second tubular part may be wholly or
partly released from each other in the expanded state.

In addition, the first tubular part and the second tubular part
may be fastened together in an unexpanded state as well as in
an expanded state.

In another embodiment, the second tubular part may be
made of a material having a higher yield strength than that of
the first tubular part.

Furthermore, the first tubular part may be made of a mate-
rial having a higher modulus of elasticity than that of the
second tubular part.

Also, the second tubular part may be made of a material
having a higher or lower yield strength than that of the first
tubular part.

In one embodiment, the second tubular part may be wholly
or partly removed from the assembly in the expanded state.

Also, the first tubular part and the second tubular part may
be mechanically connected, such as press-fitted, swaged,
rolled, interference-fitted or friction-fitted together.

In yet another embodiment, the first tubular part and the
second tubular part may be casted or molded together.

Furthermore, the first tubular part and the second tubular
part may be welded or glued together.

Moreover, the second tubular part may be fastened to the
inner face of the first tubular part by means of an intermediate
layer.

Said intermediate layer may be made of a material which
may disintegrate when subjected to a fluid, such as acid.

Alternatively, the second tubular part may be made of a
material which can disintegrate when subjected to a fluid,
such as acid.

Furthermore, the second tubular part in the expanded state
may be removed by milling, drilling, machining, hammering,
corroding, pushing, pulling, or by pulling a retaining means,
etc.

In addition, the second tubular part may be removed during
expansion of the tubular assembly.

In one embodiment, the second tubular part may have a
projecting flange projecting radially inwardly.

In another embodiment, the length of the second tubular
part may be longer than that of the first tubular part, causing
the second tubular part to project axially in one end of the
assembly.
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In yet another embodiment, the second tubular part may
comprise a plurality of circumferential ring elements, each
ring element being fastened to the first tubular part in the
unexpanded state.

Furthermore, axial guide elements may be arranged
between the ring elements, the guide elements having the
same thickness as the ring elements.

In addition, the second tubular part may be a mesh.

Also, the second tubular part may be wholly or partly
fastened to the inner face of the first tubular part.

Also, the second tubular part may be made of natural or
synthetic rubber, fibre glass, plastic, such as polyamide, poly-
oxymethylene (POM), polyacetal, polyformaldehyde, poly-
ether ether ketone (PEEK), polyvinyl chloride (PVC) or poly-
tetrafluoroethylene (PTFE), or metal, such as aluminium,
stainless steel, titanium, shape memory alloy, spring steel,
steel or iron, or any combination thereof.

The present invention furthermore relates to a downhole
system comprising:

a well tubular structure having a substantially unchanged

inner diameter,

a downhole tubular assembly mentioned above, and

an expansion tool for expanding the first and second tubu-

lar part inside the casing.

By having a downhole tubular assembly in a well tubular
structure in a downhole system, the second tubular part func-
tions as a helping part. Thus, the expansion tool can easily
pass a restriction, such as nipple or a previous expanded
tubular part, e.g. a patch, due to the fact that the expansion
cone can have a substantially smaller diameter than the one of
the inner diameter of the well tubular structure. When having
a well tubular structure that is not to change neither the inner
nor the outer diameter before and after expansion of the first
tubular part, also called a patch, it is very important that the
expansion cone has a substantially smaller diameter than the
inner diameter of the well tubular structure so that the cone
can pass all the restrictions through the well to the opposite
position of the opening to be sealed.

The present invention furthermore relates to a downhole
system for sealing an opening in a well tubular structure in a
borehole, the well tubular structure having an inner diameter,
comprising:

a downhole tubular assembly as mentioned above, and

an expansion tool for expanding the first and second tubu-

lar part inside the casing.

Such expansion tool may have a largest outer diameter
which is substantially equal to the inner diameter of the well
tubular structure minus twice the thickness of the second
tubular.

Also, the expansion tool may comprise a shaft and an
expansion means, such as a cone or a drift.

In one embodiment, the cone or drift may be expandable.

In another embodiment, the expansion means may com-
prise a heating means which is adapted to heat the first tubular
part and/or the second tubular part during expansion.

Furthermore, a removable means may be arranged for
wholly or partly removing the second tubular part.

In addition, the removable means may comprise a corrod-
ing mixture, such as acid, a drilling, milling or machining
tool, a hammer tool, a pushing or pulling tool, or a combina-
tion thereof.

In another embodiment, the removable means may be
adapted to engage the inwardly projecting flange of the sec-
ond part so that the removable means pushes the second
tubular part out of the first tubular part.

In yet another embodiment, the removable means may be
the expansion means.
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In addition, the system may be moved downhole by means
of a downhole tractor, stroker or other wellbore intervention
techniques.

The invention also relates to a well tubular structure com-
prising the previously mentioned tubular assembly.

The invention further relates to a downhole system for
sealing an opening in a well tubular structure in a borehole,
the well tubular structure having an inner diameter, compris-
ing:

afirst tubular part for being expanded in the casing, the first

tubular part being made of metal and having an inner
face, a thickness and a first length,

a second tubular part having an outer face, a thickness and

a second length, being arranged inside the first tubular
part, and

an expansion tool for expanding the first and second tubu-

lar part inside the casing,

wherein the expansion tool may comprise a shaft con-

nected with an expansion means, such as a cone or a
drift.

Moreover, the expansion means may have an outer diam-
eter, wherein the largest outer diameter of the expansion
means may be substantially equal to the inner diameter of the
well tubular structure minus twice the thickness of the second
tubular.

Also, the inner diameter of the well tubular structure may
be substantially unchanged after expansion.

Additionally, the expansion means may be radially
expandable to enlarge the outer diameter of the expansion
means by means of an expandable cone or drift, or by squeez-
ing on either side of a elastomeric or rubber element.

Said expansion means may have a projection or flange
projecting radially from the expansion means for retracting
the second tubular after expansion.

Further, the expansion tool may comprise a retaining ele-
ment connected to the expansion means by means of a wire or
ashaft, and the retraction member may have an outer diameter
which is larger than the inner diameter of the second tubular.

The system according to the invention may comprise a
downhole tractor for movement downhole.

The system may also comprise a well tubular structure
comprising a tubular assembly as mentioned above.

Moreover, the present invention relates to a method of
sealing an opening in a well tubular structure in a borehole
downhole, the method comprising the steps of:

determining the leakage,

arranging a downhole tubular assembly opposite the leak-

age in the unexpanded state,

expanding the tubular assembly until the first tubular is

pressed towards the inner surface of the well tubular
structure by moving an expansion means through the
tubular assembly, and

wholly or partly removing the second tubular part of the

tubular assembly.

This method further comprises the step of releasing the
second tubular from the first tubular by moving the expansion
means free off the second tubular so that the second tubular
may retract itself to have a smaller outer diameter than the
inner diameter of the first tubular part.

During expansion, an outer face of a first tubular part of the
tubular assembly may according to the method of the present
invention be forced radially further out than an inner face of
the well tubular structure.

The expanding step of said method may be performed by
forcing a cone or a drift having a larger diameter than an inner
diameter of the second tubular part through the tubular assem-
bly, or by arranging a cone or a drift inside the tubular assem-
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bly and having a diameter smaller than a diameter of the
second tubular part and subsequently expanding the cone or
drift radially, thereby expanding the tubular assembly.

Furthermore, the expanding step may be performed by
closing off the ends of the tubular assembly, thereby provid-
ing a confined area inside the tubular assembly, and subse-
quently pressurising the confined area by means of either a
fluid or a gas.

Also, the expanding step may be performed by means of
explosives.

Further, the removing step may be performed by milling,
drilling, machining, hammering, pushing, pulling or by pull-
ing a retaining means.

Finally, the removing step may be performed by adding a
corroding mixture.

The invention furthermore relates to a method of sealing an
opening in a well tubular structure in a borehole downhole,
the method comprising the steps of:

arranging a downhole tubular assembly opposite the open-

ing, such as a leak,

expanding the first and second tubular part until the first

tubular is pressed towards the inner surface of the well
tubular structure by moving an expansion means
through the tubular assembly, and

releasing the second tubular part from the first tubular part

due to the different spring back ability of the first and
second tubular parts.

By spring back ability of a material is meant the condition
that occurs when a flat-rolled metal alloy is cold-worked or
expanded; upon release of the forming force, the material has
a tendency to partially return to its original shape because of
the elastic recovery of the material. The residual stresses
cause the material to spring back towards its original position.
This is called Springback and is influenced by the yield
strength of the material.

Also, the method described above may further comprise
the steps of:

making the first tubular part of a material having a first

spring back ability after being expanded, and

making the second tubular part of a material having a

second spring back ability after being expanded,
wherein the first spring back ability may be less than the
second spring back ability.

The present invention furthermore relates to a manufactur-
ing method for manufacturing a downhole tubular assembly,
comprising the steps of:

making the first tubular part of a material having a first

spring back ability after being expanded, and

making the second tubular part of a material having a

second spring back ability after being expanded,
wherein the first spring back ability may be less than the
second spring back ability.

In another embodiment according to the invention, the first
tubular part may be made of metal, such as steel or iron.

In addition, the expansion means may comprise explo-
sives, pressurised fluid, cement, or a combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention and its many advantages will be described in
more detail below with reference to the accompanying sche-
matic drawings, which for the purpose of illustration show
some non-limiting embodiments and in which

FIG. 1 shows a cross-sectional view of a tubular assembly
according to the invention,

FIG. 2 shows a cross-sectional view of an unexpanded
tubular assembly in a tubular structure, such as a casing,
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FIG. 3 shows a cross-sectional view of the tubular assem-
bly of FIG. 2 in its expanded state,

FIG. 4 shows a cross-sectional view of the tubular assem-
bly of FIG. 2 in its expanded state after removal of the second
tubular part,

FIG. 5A shows a cross-sectional view of another embodi-
ment of an unexpanded tubular assembly in a casing,

FIG. 5B shows a cross-sectional view of the tubular assem-
bly of FIG. 5A in its expanded state,

FIG. 6A shows a cross-sectional view of another embodi-
ment of an unexpanded tubular assembly in a casing,

FIG. 6B shows a cross-sectional view of the tubular assem-
bly of FIG. 6B in its expanded state

FIG. 7 shows a cross-sectional view of yet another embodi-
ment of an unexpanded tubular assembly in a casing,

FIG. 8 shows a cross-sectional view of the tubular assem-
bly of FIG. 7 in its expanded state,

FIG. 9 shows a cross-sectional view of yet another embodi-
ment of an unexpanded tubular assembly in a casing,

FIG. 10 shows a cross-sectional view of the tubular assem-
bly of FIG. 9 in its expanded state,

FIG. 11 shows a downhole system comprising a tubular
assembly and an expansion means for expanding the assem-
bly,

FIG. 12 shows another embodiment of a downhole system,

FIG. 13 shows the tubular assembly seen from one end of
the same,

FIGS. 14A-C show stress-strain curves of the first and
second tubular parts when made of different materials,

FIG. 15 shows another embodiment of a downhole system
having a more resilient second tubular part, and

FIG. 16 shows the downhole system in which the second
tubular part is fastened to the expansion tool.

FIG. 17 shows an expansion cone holding the tubular
assembly fastened between the cone and the rest of the expan-
sion tool near the anchors and the other of the shaft than the
cone itself.

FIG. 18 shows the cone is forced through the tubular
assembly and the flange forces the second tubular part along
with the retraction of the cone.

All the figures are highly schematic and not necessarily to
scale, and they show only those parts which are necessary in
order to elucidate the invention, other parts being omitted or
merely suggested.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a tubular assembly 1 before being expanded
inside a well tubular structure 2 in a borehole 3. The tubular
assembly 1 is to be expanded to seal an opening 25 in the well
tubular structure 2 without changing the inner or outer diam-
eter of the well tubular structure after expansion. In its unex-
panded state, the tubular assembly 1 comprises a first tubular
part 5 as well as a second tubular part 7 which is arranged
inside the first tubular part. The first tubular part 5 functions as
a patch for sealing e.g. a leak, and the second tubular part 7
helps expand the first tubular part. The first tubular part 5 has
an inner face 6, and the second tubular part 7 has an outer face
8, and inits unexpanded state, the inner face of the first tubular
part is fastened to the outer face of the second tubular part.

As can be seen from FIGS. 1 and 13, the tubular assembly
1 has a cylindrical shape and a centre line 4. The second
tubular part 7 has a thickness t, which is at least 10%, pref-
erably at least 20% and more preferably at least 50% or
greater of a thickness t, of the first tubular part 5. In another
embodiment, the first tubular part 5 has a thickness which is at
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least 10%, preferably at least 20% and more preferably at
least 50% or greater of a thickness of the second tubular part
7.

As shown in FIG. 13, the first tubular part has an inner
diameter ID, and an outer diameter OD), and the second tubu-
lar part has an inner diameter 1D, and an outer diameter OD,.

FIG. 2 shows a cross-sectional view of the assembly in its
unexpanded state. The first 5 and second 7 tubular parts 7 are
fastened together in an unexpanded as well as an expanded
state, as shown in FIG. 3. Subsequently, the second tubular
part 7 is removed from the first tubular part 5, as shown in
FIG. 4.

The second tubular part 7 may be removed by drilling,
milling or machining it out. In this embodiment, the second
tubular part 7 is made of a material which is easily drilled or
milled out without damaging the first tubular part 5. The first
tubular part 5 and the second tubular part 7 may be casted or
molded together. The second part 7 may also be removed in
other ways, such as by acid disintegrating only the second
tubular part and not the first tubular part 5 of the metal.

In another embodiment, the first 5 and second tubular parts
7 of the tubular assembly 1 are fastened together in an unex-
panded state, as shown in FIG. 5. After expansion, the second
7 and inner part is released from the first tubular part 5,
developing a small gap between the tubular parts, as shown in
FIG. 6. This is due to the spring back ability of the material.
By spring back ability of a material is meant the condition that
occurs when a flat-rolled metal alloy is cold-worked or
expanded; upon release of the forming force, the material has
a tendency to partially return to its original shape because of
the elastic recovery of the material. The residual stresses
cause the material to spring back towards its original position.
This is called Springback and is influenced by the yield
strength of the material.

In FIG. 6, the second and inner tubular part springs back
more than the first tubular part, and in this way the two tubular
parts depart from each other resulting in the small gap.

In the unexpanded state, the tubular parts 5, 7 are press-
fitted, swaged, rolled, interference-fitted or friction-fitted
together. In order to be able to depart after expansion, the first
tubular part 5 is made of a material having a higher yield
strength than that of the second tubular part 7, and/or the
second tubular part is made of a material having a higher
modulus of elasticity than that of the first tubular part. When
the material of the first 5 and second tubular parts 7 differs in
this way, the inner part relaxes radially inwardly to a higher
degree after expansion than the first and outer tubular part, as
illustrated in FIGS. 14A-C. In this way, the inner part is
released from the first tubular part 5, forming a gap which is
the result of the difference in the elastic relaxation Ae on the
stress-strain curves of the tubular parts.

In FIG. 14A, the first and second tubular parts are made of
material having the same modulus of elasticity but the mate-
rial of the second tubular part has a higher yield strength than
the material of the first tubular part. The first and second
tubular parts are expanded to €_,,,,,.,, by forcing an expan-
sion means, such as a cone or drift in through the cavity of the
second tubular part. When the expansion means has passed,
the first and second tubular parts spring back along the slope
of'the stress/strain curves resulting in the gap Ae between the
first and the second tubular parts. Subsequently, the second
tubular part can easily be removed and the first tubular part
remains fastened to the inner face of the well tubular structure
as a patch sealing off at least one opening 25.

In FIG. 14B, the first tubular part is made of a material
having a higher modulus of elasticity than the material of the
second tubular part but with a lower yield strength than the
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material of the second tubular part. The first and second
tubular parts are expanded to €_,,,,,;,,, by forcing an expan-
sion means through the tubular assembly and relaxation, the
first and second tubular parts spring back along the slope of
the stress/strain curves resulting in the gap Ae between the
first and the second tubular parts. As can be seen, the gap Ae
between the first and the second tubular parts has increased by
differentiating also the modulus of elasticity.

The average expansion strain €, .,q,.s0, 01 the second
tubular part may vary somewhat from the average expansion
Strain €, 50, Of the first tubular part. As can be seen from
FIG. 14C, this minimises the gap Ae between the first and the
second tubular parts compared to FIG. 14B. However, the gap
still occurs after expansion due to the spring back effect.

As mentioned, the second part is subsequently removed
and this may be done by means of a removable means, such as
a retaining element 22, by dragging the second part 7 free of
the first part 5. The second tubular part 7 may not necessarily
be released so much that no dragging force is needed. There
may still be some friction between the two parts 5, 7 even
though the second part has been released so that it is no longer
press-fitted to the first tubular part 5. The friction between the
two parts 5, 7 may be local, meaning that some friction still
remains between the two parts in predetermined positions and
the second part does not move until it is dragged away, leaving
the first tubular part as the patch sealing the opening 25.

An easy way of releasing the second tubular part from the
first tubular part after expansion is provided when the first
tubular part 5 is made of a material having a higher modulus
ofelasticity E than that of the second tubular part 7, and/or the
second tubular part is made of a material having a higher yield
strength o, than that of the first tubular part. In this way, the
second tubular part 7 functions as a helping tool which
expands the first tubular part 5, and is easily removed after
expansion. This is due to the fact that the parts flex back in the
radial direction of the assembly when unstressed after expan-
sion. As illustrated in FIGS. 14A-C, the back flexing or spring
back of the parts follows the following equation:

e=0,/E

Thus, the first tubular part may be made of a material
having a first spring back ability after being expanded, the
second tubular part may be made of a material having a
second spring back ability after being expanded, wherein the
first spring back ability is less than the second spring back
ability.

As shown in FIGS. 1-10, the largest outer diameter of the
second tubular part is substantially equal to the inner diameter
of'the first tubular part in the unexpanded state of the tubular
assembly. In this way, the second tubular part is easily
removed after expansion even ifitis not released from the first
tubular part after expansion but needs to be milled or drilled
out. Then the milling tool must have the range matching the
outer diameter of the second tubular part.

In FIGS. 1-6, the second length of the second tubular part
is substantially equal to or less than the first length of the first
tubular part, making the insertion tool more simple than when
the first and second tubular parts have different lengths as
shown in FIGS. 7-10.

As can be seen in FIGS. 1-10, the first tubular part is
fastened to the second tubular part along the entire length of
the first tubular part or the second tubular part. The first 5 and
the second parts 7 may also be fastened to each other in
another way, such as by means of an adhesive. Such an adhe-
sive connection is most suited as a fastening means when
shear stress is present, e.g. when the tubular assembly is
expanded by means of a cone. However, the adhesive is not
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strong enough to hold the parts together when the two parts 5,
7 depart due to the uneven flexing after expansion.

The second tubular part 7 may be wholly or partly fastened
to the inner face 6 of the first tubular part 5.

The first 5 and the second parts 7 may also be fastened to
each other by means of spot welding. The welded spots gen-
erate enough fastening ability to place the entire assembly in
the position opposite the leak. Subsequently, the first 5 and the
second parts 7 are kept in position by an expansion tool 12
when dragging the cone 10 towards the tool to expand the two
parts 5, 7. When expanding the parts 5, 7, the welded spots
crack, and when the tubular parts are relaxed again, they
depart from each other.

The first 5 and the second parts 7 may also be fastened to
each other by means of an intermediate layer 30, shown in
FIG. 6A. After expansion of the assembly, shown in FIG. 6B,
the assembly is subjected to a fluid, such as acid, which
disintegrates the intermediate layer 30. In this way, the tubu-
lar parts 5, 7 depart after expansion, and the second and inner
part can easily be released, leaving the first part as a patch
sealing the leak.

By being able to remove the second tubular part 7, the cone
or another kind of expansion tool can have a smaller outside
diameter than that diameter which is enough to expand the
first tubular part alone, and thus, the tubular assembly 1
together with the cone can enter through an already existing
patch—also called a patch through patch solution. Further-
more, the expandable cone needs not be an expandable cone,
resulting in a more complex design of the expansion tool and
thus leaving the risk of having more parts not functioning
properly.

As mentioned, the first tubular part 5 and the second tubular
part 7 are fastened together in the unexpanded state of the
assembly and are wholly or partly released from each other in
an expanded state.

In the tubular assembly 1 of FIG. 7, the second tubular part
7 has a length 1, which is longer than the length 1, of the first
tubular part 5. When expanding the tubular assembly 1, the
projecting length of the second tubular part 7 is drawn inward
as a flange 28 projecting radially inwardly, as shown in FIG.
8. After expansion, a removable means drags the second
tubular part 7 to release and moves it away from the first
tubular part 5.

In FIG. 9, the second tubular part 7 has a flange 29 project-
ing inwardly before expansion and a flange projecting
inwardly after expansion of the assembly. After expansion,
the removable means drags the second tubular part 7 to
release and moves it away from the first tubular part 5.

In one embodiment, the second tubular part 7 comprises a
plurality of circumferential ring elements, each ring element
being fastened to the first tubular part 5 in the unexpanded
state. The second tubular part does not have to be a full hollow
cylinder in order to be able to press the first tubular part 5
outwards during expansion.

In another embodiment, axial guide elements are arranged
between the ring elements, the guide elements having the
same thickness as the ring elements.

When axial guide elements are arranged between the ring
elements, the second tubular part 7 forms a grid. However, the
second tubular part may also be in the form of a mesh.

FIG. 11 shows a downhole system having a tubular assem-
bly 1 and an expansion tool 12 having an expansion means 10
in the form of a cone or a drift. The cone is connected to the
rest of the expansion tool 12 by means of a shaft 11. When
inserting the tubular assembly 1, the assembly is fastened
between the cone and the tool. When the tool 12 is in position
opposite the leak, it anchors up inside the casing, and the
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expansion means is then drawn towards the tool, causing the
shaft 11 to be drawn into the tool, expanding the tubular
assembly 1. The expansion means has an outer diameter,
wherein the largest outer diameter of the expansion means is
substantially equal to the inner diameter of the well tubular
structure minus twice the thickness of the second tubular.

If'the tubular assembly 1 comprises a projecting flange, the
expansion means 10 may be used as the removable means so
that the expansion means removes the second tubular part 7
from the first tubular part 5 when the shaft 11 connected with
the expansion means is retracted further into the tool, or when
the tool is moved away from the first tubular part. In one
embodiment, the cone or drift may be expandable.

In the downhole system, the expansion means 10 or expan-
sion tool 12 may also comprise explosives, pressurised fluid,
cement, or a combination thereof. In FIG. 12, the tubular
assembly 1 is fastened between a holding means 14 and the
tool. The holding means 14 is connected to the tool by means
of a shaft 11 having openings. The holding means 14, the
tubular assembly 1 and the tool enclose a space or area 21
which is filled with pressurised fluid flowing through the
openings in the shaft 11 in order to expand the tubular assem-
bly 1. Subsequently, the holding means 14 is folded up and
retracted. Ifthe tubular assembly 1 has a projecting flange, the
holding means 14 can also be used to retract the second
tubular part 7 from the first tubular part 5. In another embodi-
ment, the holding means 14 is retracted and replaced by a
removable means which is adapted to engage the inwardly
projecting flange of the second part 7 so that the removable
means pushes the second tubular part out of the first tubular
part 5.

After expansion, the space in FIG. 12 may also be filled
with corroding mixture, such as acid, in order to remove the
second tubular part 7.

In FIG. 15, the second tubular part 7 of the downhole
system is more resilient and is able to conform to a non-
circular form. The second tubular part 7 is made of a resilient
material, such a rubber, which is still able to transfer the force
of the cone in order to expand the first tubular part 5. In this
way, the first tubular part 5 can be expanded to also press
against a somewhat oval or another non-circular cross-sec-
tional shape of the casing.

In FIG. 16, the downhole system comprises a retaining
element 22 in the form of a disc fastened to the expansion tool
12 by means of a wire 23 or a cable. The disc has an outer
diameter which is larger than the inner diameter of the second
tubular and is arranged on the outside of the second tubular
part 7 in the end opposite the end 27 adjacent to the expansion
tool 12 towards which the expansion cone is drawn when
expanding the tubular assembly. The wire extends within the
second tubular part 7, and when the tubular assembly is
expanded, the disc pulls the second tubular part as the expan-
siontool 12 is moved away from the first tubular part 5. In this
way, the second tubular part 7 is pulled away from the first
tubular part 5 after expansion and is drawn towards the sur-
face together with the expansion tool 12 comprising the
expansion cone.

In FIGS. 17 and 18, the retaining element 22 is in the form
of a projection or flange 26 and projects radially from the
expansion means 10 for retracting the second tubular after
expansion. In FIG. 17, the expansion cone is holding the
tubular assembly 1 fastened between the cone 10 and the rest
of the expansion tool 12 near the anchors 13 at the other end
of the shaft 11 than the cone itself. The anchors anchor the
tool up inside the well tubular structure by pressing against
the inner face of the well tubular structure. In this position, the
tubular assembly 1 is inserted in the well tubular structure
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opposite the opening to be sealed. Subsequently, as shown in
FIG. 18, the cone is forced through the tubular assembly 1 and
the flange 26 forces the second tubular part along with the
retraction of the cone and in this way the second tubular part
is retracted from the first tubular part and brought up from the
well along with the expansion tool.

The second tubular part 7 may also be removed by a drill-
ing, milling or machining tool, a hammer tool, a pushing or
pulling tool, or a combination thereof.

The second tubular part 7 is made of plastic, natural or
synthetic rubber, fibre glass, metal, or a combination thereof.
The metal may be aluminium, steel, titanium or iron, and
some examples of a suitable steel material may be stainless
steel, metal having more than 40% nickel, shape memory
alloy or spring steel. The plastic may be polyamide, poly-
oxymethylene (POM), polyacetal, polyformaldehyde, poly-
ether ether ketone (PEEK), polyvinyl chloride (PVC), or
polytetrafluoroethylene (PTFE). By spring steel is meant a
medium or high carbon steel alloy with a very high yield
strength. The first tubular part 5 is made of' metal, such as steel
or iron. The first tubular part 5 is made as a patch with all the
known qualities which have already been qualified for use in
a well downhole. The tubular parts 5, 7 may be a cold-drawn
or hot-drawn tubular structure.

When the second tubular part 7 is made of fibre glass, the
expansion means 10 comprises a heating means which is
adapted to heat the second tubular part 7 and/or the first
tubular part 5 during expansion.

When sealing an opening 25 such as a leakage inside a well
tubular structure 2 in a borehole 3 downhole, the opening 25
or leakage is determined, then the tubular assembly 1 is
arranged opposite the leakage in an unexpanded state, and
finally, the tubular assembly is expanded until the first tubular
is pressed towards the inner surface of the well tubular struc-
ture. Subsequently, the second tubular part 7 is removed from
the first tubular part 5.

The method may, before the step of removing the second
tubular, comprise a step of releasing the second tubular from
the first tubular by moving the expansion means through the
tubular assembly, forcing the first and second tubular parts
radially outwards and subsequently, the expansion means is
retracted free off the second tubular so that the second tubular
can retract itself to have a smaller outer diameter than the
inner diameter of the first tubular part due to the spring back
ability of the material.

During expansion, the first tubular part 5 of the tubular
assembly 1 is forced somewhat further out radially than the
inner face 6 of the well tubular structure 2, because the first
tubular part 5 flexes back due to elastic relaxation as earlier
discussed as spring back effect and ability of the material.

The expanding step may be performed by forcing the
expansion means 10, such as a cone or a drift having a larger
diameter than an inner diameter of the second tubular part,
through the tubular assembly, or by arranging a cone or a drift
inside the tubular assembly having a diameter smaller than a
diameter of the second tubular part and subsequently expand-
ing the cone or drift radially, thereby expanding the tubular
assembly 1. By having an expandable cone or drift, the patch
through patch solution becomes easier than without the
expandable cone or drift. The expansion means may also
enlarge the outer diameter of the expansion means by means
of squeezing on either side of an elastomeric or rubber ele-
ment so that the rubber element is shortened in the axial
length of the expansion tool 12 while increasing its diameter
in the radial direction of the expansion tool 12.

The expanding step may also be performed by closing off
the ends of the tubular assembly 1, thereby providing a con-



US 9,194,218 B2

13

fined area 21 inside the tubular assembly, and subsequently
pressurising the confined area by means of either a fluid or a
gas.

The fluid used to expand the tubular assembly 1 may be any
kind of well fluid present in the borehole 3 surrounding the
tool and/or the well tubular structure 2. Also, the fluid may be
cement, gas, water, polymers, or a two-component com-
pound, such as powder or particles mixing or reacting with a
binding or hardening agent.

The tubular assembly is manufactured by making the first
tubular part of a material having a first spring back ability
after being expanded, and making the second tubular part of
a material having a second spring back ability after being
expanded, wherein the first spring back ability is less than
second spring back ability.

Inthe event that the downhole system is not submergible all
the way into the casing, a downhole tractor can be used to
draw or push the downhole system all the way into position in
the well. A downhole tractor is any kind of driving tool
capable of pushing or pulling tools in a well downhole, such
as a Well Tractor®.

Although the invention has been described in the above in
connection with preferred embodiments of the invention, it
will be evident for a person skilled in the art that several
modifications are conceivable without departing from the
invention as defined by the following claims.

The invention claimed is:

1. A downhole tubular sealing assembly for sealing an
opening in a well tubular structure in a borehole downhole by
moving an expansion means through the tubular assembly,
comprising:

a first tubular part made of metal having an inner face, an
inner diameter, an outer diameter and a first length in an
unexpanded state, and

a second tubular part having a metal outer face, an outer
diameter and a second length, and being arranged inside
the first tubular part in the unexpanded state,

the first tubular part being made of a metal material having
a higher modulus of elasticity or Young’s modulus than
that of the second tubular part, and

the first and the second tubular parts being adapted to be
expanded,

wherein the inner face of the first tubular part is fastened to
the metal outer face of the second tubular part before
expansion and is configured to be released from the
metal outer face after expansion and the largest outer
diameter of the second tubular part is substantially equal
to the inner diameter of the first tubular part in the
unexpanded state of the tubular sealing assembly.

2. A downhole tubular sealing assembly according to claim

1, wherein the second length is substantially equal to or less
than the first length.

3. A downhole tubular sealing assembly according to claim
1, the first tubular part being made of a material having a first
spring back ability after being expanded, the second tubular
part being made of a material having a second spring back
ability after being expanded, wherein the first spring back
ability is less than second spring back ability.

4. A downhole tubular sealing assembly according to claim
1, wherein the first tubular part is fastened to the second
tubular part along the entire length of the first tubular part or
the second tubular part.

5. A downhole tubular sealing assembly according to claim
1, wherein a thickness of the second tubular part is at least
10% of a thickness of the first tubular part, or vice versa.

6. A downhole tubular sealing assembly according to claim
1, wherein the second tubular part is entirely made of metal.
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7. A downhole tubular sealing assembly according to claim
1, wherein the second tubular part is made of a material
having a higher yield strength than that of the first tubular
part.
8. A downhole tubular sealing assembly according to claim
1, wherein the first tubular part and the second tubular part are
mechanically connected.
9. A downhole tubular sealing assembly according to claim
1, wherein the second tubular part is fastened to the inner face
of' the first tubular part by means of an intermediate layer.
10. A downhole tubular sealing assembly according to
claim 9, wherein the intermediate layer is made of a material
which can disintegrate when subjected to a fluid.
11. A downhole tubular sealing assembly according to
claim 1, wherein the second tubular part is made of a material
which can disintegrate when subjected to a fluid.
12. A downhole tubular sealing assembly according to
claim 1, wherein the second tubular part is made of natural or
synthetic rubber, fibre glass, plastic, or metal.
13. A downbhole sealing system comprising:
the well tubular structure having an inner diameter,
the downhole tubular sealing assembly according to claim
1, and

an expansion tool for expanding the first and second tubu-
lar parts inside the well tubular structure, wherein the
inner diameter of the well tubular structure is substan-
tially unchanged after expansion.

14. A downhole sealing system according to claim 13,
wherein the expansion tool has a largest outer diameter being
substantially equal to the inner diameter of the well tubular
structure minus twice the thickness of the second tubular part.

15. A downhole sealing system according to claim 13,
wherein the expansion tool comprises a shaft and an expan-
sion means.

16. A downhole sealing system according to claim 13,
wherein the expansion means has a projection or flange pro-
jecting radially from the expansion means for retracting the
second tubular part after expansion.

17. A downhole sealing system according to claim 13,
wherein the expansion tool comprises a retaining element
connected to the expansion means by means of a wire or a
shaft, the retraction member having an outer diameter which
is larger than the inner diameter of the second tubular part.

18. A downhole sealing system according to claim 13,
wherein the system comprises a downhole tractor for move-
ment downhole.

19. A method of sealing an opening in the well tubular
structure in a borehole downhole, the method comprising the
steps of:

determining leakage,

arranging the downhole tubular sealing assembly accord-

ing to claim 1 opposite the leakage in the unexpanded
state,

expanding the tubular assembly until the first tubular part is

pressed towards the inner surface of the well tubular
structure by moving an expansion means through the
tubular assembly, and

wholly or partly removing the second tubular part of the

tubular assembly.

20. A method according to claim 19, further comprising the
step of releasing the second tubular part from the first tubular
part by moving the expansion means free off the second
tubular part so that the second tubular part can retract to have
a smaller outer diameter than the inner diameter of the first
tubular part.
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21. A method according to claim 19, wherein

the expanding step is performed by forcing a cone or a drift
having a larger diameter than an inner diameter of the
second tubular part through the tubular assembly, or by
arranging a cone or a drift inside the tubular assembly
and having a diameter smaller than a diameter of the
second tubular part and subsequently expanding the
cone or drift radially, thereby expanding the tubular
assembly.

22. A method according to claim 19, wherein

the removing step is performed by milling, drilling,

machining, hammering, pushing, pulling or by pulling a
retaining means, or

the removing step is performed by adding a corroding

mixture.

23. A method of sealing an opening in a well tubular struc-
ture in a borehole downhole, the method comprising the steps
of:

arranging a downhole tubular sealing assembly according

to claim 1 opposite the opening,

expanding the first and second tubular part until the first

tubular part is pressed towards the inner surface of the
well tubular structure by moving an expansion means
through the tubular assembly, and
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releasing the second tubular part from the first tubular part
due to the different spring back ability of the first and
second tubular parts.

24. A method according to claim 19, further comprising the
steps of:

making the first tubular part of a material having a first

spring back ability after being expanded, and

making the second tubular part of a material having a

second spring back ability after being expanded,
wherein the first spring back ability is less than the second
spring back ability.

25. A manufacturing method for manufacturing the down-
hole tubular sealing assembly according to claim 1, compris-
ing the steps of:

making the first tubular part from metal having a first

spring back ability after being expanded, and

making the second tubular part from metal having a second

spring back ability after being expanded,

wherein the first spring back ability is less than the second

spring back ability.

26. A downhole tubular sealing assembly according to
claim 1, wherein the first tubular part comprises a first end, the
second tubular part comprises a second end aligned with the
first end in the unexpanded state, and the second length is
longer than the first length in the unexpanded state.
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